INK4a by cell culture conditions. To circumvent this problem, we studied saged into senescence [25, 26] .
Fibroblasts respond to this TRF2 ⌬B⌬M -induced telothe role of p16
INK4a in the cellular response to acute telomere damage induced by a dominant negative almere dysfunction by entering a growth arrest that is indistinguishable from replicative senescence and is aclele of TRF2, TRF2
⌬B⌬M . This approach avoids the confounding aspects of culture stress because parallel companied by the activation of p53, induction of p21, upregulation of p16
INK4a
, and hypophosphorylation of RB cultures with and without telomere damage can be compared. Telomere damage generated with TRF2 is a specific response to telomere damage and not the consequence of culture stress.
We next determined the contribution of p16 INK4a to the execution of a cell cycle arrest after telomere damage. The normal response to telomere damage is an arrest in G1, which can be monitored by diminished incorporation of BrdU and by lack of cell proliferation [27] . In cells with severely impaired G1/S checkpoints, BrdU incorporation is not diminished after telomere damage. However, such cells still have a growth defect, presumably due to the extensive genome instability resulting from telomere fusions and the concomitant problems in mitosis. As expected from previous studies, inhibition of p53 function with a dominant negative allele (p53 INK4a on the proliferation of ‫;%09ف(‬ Figure 2F) , the cells still showed a somewhat reduced proliferation rate (70%-80%; Figure 2H ). This p53 deficient cells with telomere damage, we measured culture growth rates during the 2 weeks following infeccan be explained by the deleterious effects of telomere fusions, which include anaphase bridges, chromosome tion with the TRF2 ⌬B⌬M retrovirus. Cultures were not followed longer because after 2-3 weeks, cells with lownondisjunction, translocations, and deletions [22] . So even though the downstream signaling response to teloered levels of TRF2 ⌬B⌬M begin to appear. TRF2
⌬B⌬M expression resulted in a 60% reduction in proliferation mere dysfunction might be disabled through p53 and INK4a function. This is consistent with our observations that these cells have a diminished ability comb-group repression on the INK4a locus is dominant over the mechanism that drives p16 upregulation upon to arrest in response to TRF2 A recent study of replicative senescence at the singletion and the associated genome instability early in human breast cancer at the transition to ductal carcinoma cell level concluded that p16 INK4a is not involved in senescence triggered by telomere shortening [9], a conclusion in situ [36] . These considerations underscore the need for detailed understanding of the cellular response to that is discordant with the findings reported here. This conclusion was based on the lack of a correlation bedeprotected telomeres.
Here, we have used TRF2 inhibition as a tool to induce tween the presence of ␥-H2AX foci (an indicator of telomere dysfunction) and upregulation of p16
, whereas immediate telomere dysfunction in order to specifically address the contribution of the p53 and p16
/RB paththis correlation did exist for p21. However, the formation of ␥-H2AX foci and the induction of p16 INK4a occur with ways to the telomere damage response. We found that p53 plays a major role but that p16
INK4a is also clearly different kinetics. DNA damage foci are formed immediately (within hours) after telomere deprotection and they responsible for a substantial part of telomere-directed senescence in primary human fibroblasts. Thus, p16
are transient [23, 38] . By contrast, the induction of p16 INK4A after telomere dysfunction appears to be a very provides an important additional fail-safe that prevents unlimited proliferation in the presence of telomere damslow process. After retroviral infection of TRF2 ⌬B⌬M , it takes one or two weeks before p16
INK4a is readily detectage even when the p53 pathway is disrupted. A similar observation was made recently in a study on the reversable, a time point at which the ␥-H2AX foci will have disappeared. Therefore, it would be expected that cells ibility of human cellular senescence, in which it was found that p53 inactivation only resulted in the reversal with high levels of p16 INK4a are generally devoid of ␥-H2AX foci and vice versa, explaining the lack of correof senescence in cells with low levels of p16 INK4a and not in cells with high levels of p16
INK4a [37] . However, in that lation observed. Thus, our finding that p16 INK4a is a significant mediator of telomere-directed senescence is not study, as well as in a different study addressing the contribution of 
